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Abstract. We study the magnetic behavior and in particular the spin susceptibility of an interacting two-dimensional electron 
gas in a finite in-plane magnetic field. The total energy of the system is constructed using the recent quantum Monte Carlo 
simulation based parametrized correlation energy as a function of density, spin polarization, and applied magnetic field. The 
critical magnetic field to fully spin polarize the system is obtained as a function of the electron density. The spin polarization 
as a function of the applied field (less than the critical field) for various densities are calculated. The spin susceptibility as a 
function of the applied field for various densities are calculated. The zero-field value of the spin susceptibility as a function of 
electron density is compared with relevant experiments. 
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The spin susceptibility of a two-dimensional electron 
gas (2DEG) as occurs in GaAs based semiconducting 
structures has been of great experimental interest[l] re-
cently in connection with the apparent metal-insulator 
transition observed in such systems. [2] Theoretical cal-
culations of the spin susceptibility mostly relay on accu-
rate ground state energies provided by quantum Monte 
Carlo (QMC) simulations. [3, 4, 5] The experiments re-
veal highly nonlinear behavior which is crucial for mak-
ing contact with theoretical calculations. Furthermore, 
experiments are typically performed with an in-plane ap-
plied magnetic field which needs to be taken into ac-
count in analyzing the spin susceptibility. More recently 
nonlinear effects in high fields and at low densities have 
been investigated within the random phase approxima-
tion (RPA) [6, 7]. Our aim in this work is to use the more 
accurate ground state energies from QMC calculations 
to investigate the nonlinear spin susceptibility in 2DEG 
systems. 
We consider a strict 2DEG system at zero tempera-
ture, T = 0, with an applied parallel magnetic field. The 
2DEG is conveniently characterized by the following two 
dimensionless parameters. The Wigner-Seitz radius rs is 
the radius of the circular area per electron in terms of 
the effective Bohr radius and is related to the density by 
n = \/n{a*Brs)
2. The interaction parameter rs is propor-
tional to the ratio of the average interaction energy to av-
erage kinetic energy, V/K ~ rs, and characterizes a more 
strongly interacting system as it increases. The polariza-
tion | is the ratio of the number of excess electron spins 
to the total number of electrons, | = |«| — n\\jn. In a 
fully polarized or ferromagnetic state ( | = 1) all spins are 
aligned and an unpolarized or paramagnetic state ( | = 0) 
means equal number of spin-up and spin-down electrons. 
The total energy per particle E{rs,B,,B) takes the form 
E=Ek{rs£)+Ex{rs£)+Ec{rs£)+Ez{$,B) (1) 
where £4 = (1 + B,2)/r2 is the kinetic energy, Ex = 
4V2/(3nrs)[(l + B,fl
2 + (1 - B,fl2} is the exchange 
energy, Ec denotes the correlation energy and Ez = 
-g/iBOB^B/e2 is the Zeeman energy in units of Rydberg. 
The energy per particle as a function of polarization 
for different values of the 5-field is shown in Fig. 1 for 
rs = 25, which shows the form of the energy as a function 
| for the paramagnetic electron gas close to the sponta-
neous phase transition. At zero magnetic field QMC cal-
culations show that the minimum energy occurs at | = 0 
for rs <r* ~ 25, the critical density at B = 0, so that the 
ground state is paramagnetic. For rs > r* the fully polar-
ized state has lower energy and the system undergoes a 
spontaneous phase transition at r*. [4] At a finite applied 
magnetic field the energy minimum occurs at nonzero 
polarization 0 < | * < 1. As B increases the energy at 
| = 1 equals its local minimum value at | * at the critical 
field Bc. Beyond the critical field the energy minimum 
is at | * = 1 and the system is fully polarized. The tran-
sition to the ferromagnetic state near the critical density 
r* happens with a discrete jump AB, * in the polarization 
(see the inset in Fig.2) indicating a first order transition 
to fully polarized state. 
The critical field Bc in units of its noninteracting 
value at the same density BCQ = EF/HB as a function 
ofrs is shown in Fig.2. The system above this curve in 
B — rs plane is fully polarized. Reading the figure in the 
other direction, this curve gives the critical density for 
the onset of full spin polarization at a given magnetic 
field, which is the saturation of the optimum polarization 
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FIGURE 1. Energy as a function of spin polarization at 










0.2 0.4 0.6 0.8 
B/B cO 
FIGURE 3. Spin polarization | * as a function of the B-field 
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FIGURE 2. The critical field to fully polarize the 2DEG as a 
function of rs. The jump in polarization is shown in the inset. 
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FIGURE 4. Linear susceptibility normalized by the nonin-
teracting Pauli susceptibility at the same density XL/XO a s a 
function of rs shows enhancement near the critical density. 
£,*{rs), corresponding to the magnetization of the sys-
tem, at 1 as the density is decreased at constant B. 
Our results are in qualitative agreement with those of 
Zhang and Das Sarma [6] and should be more accurate 
because we use the more sophisticated QMC energy ex-
pression which takes the correlation effects into account 
fully. The critical revalue is around r* ~ 25.5 which is 
larger than r* = 5.5 of the RPA based calculations. [6, 4] 
The polarization | * as a function of the magnetic field 
B at various rs values is shown in Fig.3. The nonlinear 
behavior being purely an interaction effect is already 
evident looking at the magnetization curves | * (B). From 
the derivative of | * vs. B/BCQ curves the susceptibility 
can be obtained as a function of the magnetic field. 
Different regimes of the spin susceptibility % and rel-
evance to experiments is discussed in [6]. The tilted field 
measurements leading to another quantity, referred to as 
the semilinear spin susceptibility Xs m [6], is found to be 
reasonable. It coincides with the linear zero field suscep-
tibility at B = 0. Fig. 4 shows the zero field linear suscep-
tibility as a function ofrs. 
In summary, we have calculated the spin susceptibility 
of an interacting 2DEG using the accurate ground state 
energies provided by QMC simulations. We have deter-
mined the critical value of the applied in-plane magnetic 
field to fully spin polarize the system. 
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